RhoA/Rho kinase (ROCK) signaling plays a key role in the pathogenesis of experimental pulmonary hypertension (PH). Dehydroepiandrosterone (DHEA), a naturally occurring steroid hormone, effectively inhibits chronic hypoxic PH, but the responsible mechanisms are unclear. This study tested whether DHEA was also effective in treating monocrotaline (MCT)-induced PH in left pneumonectomized rats and whether inhibition of RhoA/ROCK signaling was involved in the protective effect of DHEA. Three weeks after MCT injection, pneumonectomized rats developed PH with severe vascular remodeling, including occlusive neointimal lesions in pulmonary arterioles. In lungs from these animals, we detected cleaved (constitutively active) ROCK I as well as increases in activities of RhoA and ROCK and increases in ROCK II protein expression. Chronic DHEA treatment (1%, by food for 3 wk) markedly inhibited the MCT-induced PH (mean pulmonary artery pressures after treatment with 0% and 1% DHEA were 33 Ϯ 5 and 16 Ϯ 1 mmHg, respectively) and severe pulmonary vascular remodeling in pneumonectomized rats. The MCT-induced changes in RhoA/ROCK-related protein expression were nearly normalized by DHEA. A 3-wk DHEA treatment (1%) started 3 wk after MCT injection completely inhibited the progression of PH (mean pulmonary artery pressures after treatment with 0% and 1% DHEA were 47 Ϯ 3 and 30 Ϯ 3 mmHg, respectively), and this treatment also resulted in 100% survival in contrast to 30% in DHEA-untreated rats. These results suggest that inhibition of RhoA/ ROCK signaling, including the cleavage and constitutive activation of ROCK I, is an important component of the impressive protection of DHEA against MCT-induced PH in pneumonectomized rats.
PULMONARY HYPERTENSION (PH) is a disease of diverse causes that is characterized by progressive narrowing of small pulmonary arteries (PAs), which, when severe, frequently results in right heart failure and death. Patients with severe PH have combinations of small PA adventitial and medial thickening, occlusive neointimal lesions, and obliterating thrombotic and plexiform lesions (49) . Current therapy with prostacyclin analogs, endothelin-1 receptor blockers, and phosphodiesterase inhibitors improves symptoms and exercise tolerance (3), but persistent morbidity and mortality indicate that important pathogenic mechanisms are minimally affected. Thus more effective therapeutic approaches are urgently needed.
Dehydroepiandrosterone (DHEA) is a C-19 steroid that is produced mainly in the adrenal cortex from cholesterol and is a precursor for both estrogens and androgens. DHEA and its sulfated ester DHEA sulfate (DHEAS) are the most abundant steroid hormones in the human body, and their circulating levels decline progressively after reaching a peak around 25 yr of age. DHEA is a multifunctional bioactive substance that may have beneficial effects on cardiovascular diseases (5, 50) . We (46) and others (7, 18) have reported that chronic DHEA treatment effectively inhibits hypoxic PH due at least partly to activation of potassium channels (7) and upregulation of soluble guanylate cyclase (sGC) (46) . However, the mechanisms responsible for the impressive protective effect of DHEA against hypoxic PH have not been fully defined, and its effects in other animal models of PH are unknown.
Accumulating evidence from several laboratories, including our own, indicates that RhoA/Rho kinase (ROCK) signaling plays an important role in the pathogenesis of various experimental models of PH, including chronic hypoxia- (11, 16, 24, 35, 38, 40) , monocrotaline (MCT)- (1, 38) , bleomycin- (35) , shunt- (31) , and VEGF receptor inhibition and chronic hypoxia- (45) and mild hypoxia-induced PH in neonatal fawn-hooded rats (38, 39) . Several studies show that this signaling pathway mediates sustained vasoconstriction, cell migration, proliferation, and survival, and inflammation (26, 52) . In addition, the 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, statins, which inhibit activation of RhoA and other small GTPases by preventing posttranslational isoprenylation of the protein and its translocation to the cell membrane (53), ameliorate PH in several different rat models (13-15, 30, 37, 42, 44, 57) and may also be effective in PH patients (29) . Also, it has been reported that inhibition of RhoA activation (translocation to cell membrane) and of RhoA/ROCK signaling is involved in the protective effect of the phosphodiesterase-5 inhibitor, sildenafil, against hypoxic (16) and bleomycin-induced (20) PH. These observations indicate that, independent of the cause of PH, activation of the RhoA/ROCK pathway may serve as a point of convergence of various signaling cascades in the pathogenesis of PH and that drugs inhibiting this pathway might be very useful in the treatment of various forms of PH.
Although we are not aware of any reports of the effect of DHEA on RhoA/ROCK signaling, there are several possible mechanisms by which this steroid could impact the signaling pathway. These include inhibition of HMG-CoA reductase (48, 54) and upregulation of sGC (46) , both of which prevent RhoA activation (membrane translocation; Refs. 16, 53) , antioxidant/anti-inflammatory effects (2, 25) , which inhibit activation and/or upregulation of ROCK (4, 21, 27, 28) , and conversion of DHEA to estrogen, which inhibits ROCK expression and/or activity (10, 22, 23, 32) . Based on this background, we investigated whether DHEA protected against MCT-induced occlusive neointimal lesions and severe PH in left pneumonectomized rats and whether inhibition of RhoA/ROCK signaling was involved in the protection. We used pneumonectomized rats in this study because of the evidence that MCT induces more severe PH and PA remodeling (i.e., neointimal lesions, a hallmark of human severe pulmonary arterial hypertension) in pneumonectomized than in normal rats (43, 47, 59) .
METHODS
All experiments were approved by the University of Colorado at Denver and Health Sciences Center Institutional Animal Care and Use Committee.
Experimental Groups
Experimental groups are summarized in Fig. 1 legend. Prevention study. Four groups of male left unilateral pneumonectomized rats (350 -420 g, Zivic Laboratories; n ϭ 6 each) were studied. Two weeks after the surgery, two groups were injected with MCT (60 mg/kg sc, Sigma), and the other two groups received vehicle (saline) injections. After the injection, one of the MCT-and salineinjected groups received rat food containing 0%, and the other received food containing 1% DHEA (Sigma) for 3 wk. The dose of DHEA (1%) was based on our previous study (46) that showed that chronic 0.3% and 1% DHEA treatment dose-dependently and completely inhibited hypoxia-induced PH. Food consumption and body weight were monitored. Three weeks after MCT or vehicle injection, hemodynamic measurements were performed in anesthetized rats. All rats were then euthanized by an overdose of pentobarbital sodium, and right lungs (for histology and morphometry), blood (for plasma hormone-DHEA, DHEAS, estrogen, and testosterone-level measurements), and hearts [for right ventricle (RV)-to-left ventricle (LV) ϩ septum (S) ratio (RV/LVϩS)] were collected.
Because protein expression and/or phosphorylation could be altered by the invasive procedure of catheterization, and available lung samples are limited in pneumonectomized rats, additional rats (n ϭ 4) for each experimental group were used for lung protein expression/ activity analyses. Three weeks after MCT or vehicle injection, rats were euthanized by an overdose of pentobarbital sodium, and right lungs were dissected, snap-frozen, and kept at Ϫ80°C until analyzed.
Reversal study. Two groups of male pneumonectomized rats were studied. Two weeks after pneumonectomy, all rats were injected with MCT (60 mg/kg sc). Three weeks after MCT injection, one group was started on food containing 0%, and the other on food containing 1% DHEA. After the 3-wk treatment (from week 5 to 8), hemodynamic and morphometric analyses were performed.
Survival study. Two weeks after pneumonectomy, two groups of male rats (n ϭ 8 for 1% and n ϭ 12 for 0% DHEA) were injected with MCT (60 mg/kg sc). Three weeks after MCT injection, seven rats were started on food containing 1% DHEA, and 10 rats were kept on food containing 0% DHEA (3 rats died before the treatment regimen was started). We then monitored their survival over the next 9 wk.
Catheterized Rats
After the 3-wk treatment with 0% or 1% DHEA (3 or 6 wk after MCT injection), rats were anesthetized with ketamine (100 mg/kg im) and xylazine (15 mg/kg im) for placement of three catheters: one in the right jugular vein, one in the pulmonary artery (via jugular vein and RV), and one in the right carotid artery (45) . Mean pulmonary (MPAP) and systemic arterial pressures (MSAP) were measured with pressure transducers. Cardiac output was determined by a standard dye dilution method, and cardiac index (CI) was calculated by dividing cardiac output by the rat's body weight. Blood samples (for prevention study only) were then collected for measurement of plasma steroid levels. The heart was removed for assessment of right ventricular hypertrophy (RV/LVϩS), and the lungs were prepared for morphometric analysis.
Western Blot Analysis
Frozen rat lung tissue was homogenized in lysis buffer (250 mM sucrose, 25 mM imidazole, 1 mM EDTA, 1% Nonidet P-40, protease inhibitor cocktail; 1:100 dilution; Pierce) and phosphatase inhibitor cocktail (1:100 dilution, Sigma). Homogenate was centrifuged at 10,000 g for 10 min. Protein concentration of the supernatant was determined by BCA Protein Assay Kit (Pierce). Equal amounts of protein were loaded on 4 -12% gradient NuPAGE Bis-Tris gels (Invitrogen) and transferred to hydrophobic polyvinylidene fluoride transfer membrane (Millipore) in NuPAGE Transfer Buffer containing 10% methanol. Western blots were visualized using West Pico Chemiluminescence Substrate (Pierce) and estimated by densitometry (Bio-Rad). Antibodies used were anti-HMGCoA reductase (Upstate), anti-sGC ␤1-subunit (Cayman), anticleaved caspase-3 (Cell Signaling), anti-RhoA (Santa Cruz), anti-ROCK I and II (BD Transduction Laboratories), anti-MYPT1 and phosphorylated MYPT1 (pMYPT1 Thr696 ; Upstate), anti-IgG (Vector), and anti-␤-actin (Sigma).
RhoA Translocation to the Membrane
To assess membrane translocation of RhoA, the frozen lung tissues were homogenized in lysis buffer (10 mM HEPES, 2 mM EDTA, 1 mM MgCl 2) containing protease inhibitors. Homogenate was centrifuged at 40,000 g for 30 min, and the supernatant was collected as the cytosolic fraction. The pellet was resuspended in lysis buffer containing 0.1% SDS and centrifuged again (40,000 g for 15 min) to generate the membrane fraction. Equal amounts of protein (15 g) were loaded in gel. RhoA protein in membrane and cytosolic fractions was determined by standard Western blot analysis using mouse monoclonal anti-RhoA antibody (1:250 dilution) and a peroxidase-labeled antimouse IgG antibody (3:10,000 dilution). Relative density of mem- brane to cytosolic RhoA was determined using NIH Image software (National Institutes of Health).
Immunoprecipitation of MYPT1
To assess ROCK activity, we measured phosphorylation levels of one of the ROCK downstream effectors, MYPT1 (a regulatory subunit of myosin light chain phosphatase). Immunoprecipitation of MYPT1 was performed as described previously (45) . Briefly, whole lung protein extracts (500 l, protein concentration 10 g/l) were incubated with 7 l of anti-MYPT1 antibody for 4 h at 4°C to allow antibodyantigen complexes to form. Twenty-five microliters of washed beads (EZview Red Protein A Affinity Gel, Sigma) were added to antigenantibody complex and incubated overnight at 4°C with gentle mixing. Beads were pelleted by centrifugation and washed three times. Twentyfive microliters of 2ϫ sample buffer were added to samples (Invitrogen), boiled for 10 min, and loaded in the gel. Western blots were then performed for phosphorylated MYPT1 and total MYPT1.
Morphological Analysis
Histological changes of PAs were quantified by morphometry as described below. Isolated lungs were inflated via trachea with 0.5% agarose ϩ 1% formalin solution at 20 cmH 2O pressure and fixed in 10% formalin. Paraffin sections of 5 m were cut and stained with Verhoeff-Van Gieson and assessed microscopically for degree of arterial wall thickness. In each lung section, 30 small PAs (50 -100 m in diameter) were analyzed at ϫ400 in a blind manner. Medial wall thickness was expressed as the summation of two points of medial thickness/external diameter ϫ100 (%). Intra-acinar (precapillary) PAs (20 -30 m in diameter, 25 vessels each) were assessed for occlusive lesions as Grade 0 for no evidence of neointima lesion, Grade 1 for less than 50% luminal occlusion, and Grade 2 for more than 50% luminal occlusion (42) . There was no evidence of neointimal lesion formation in any PAs from normal rats (all PAs were graded as 0).
Measurement of Plasma Steroid Hormone Levels
We measured plasma steroid hormone levels of DHEA, DHEAS, estradiol, and testosterone by ELISA kits (IBL-America).
Statistical Analysis
Values are expressed as means Ϯ SE. Comparisons between groups were made with Student's t-test or ANOVA with Scheffé's post hoc test for multiple comparisons. Survival curves were analyzed by the KaplanMeier method. Differences were considered significant at P Ͻ 0.05.
RESULTS

Body Weight and Plasma Steroid Hormone Levels
Chronic DHEA treatment caused a decrease of body weight, which agrees with previous studies (19, 46, 60) , in both MCT-uninjected and -injected rats in the prevention and reversal studies (Tables 1 and 2 ). Food consumption was not different between the 0% and 1% DHEA treated groups.
The plasma levels of DHEA, DHEAS, estradiol, and testosterone in both MCT-injected and -uninjected rats were elevated similarly by DHEA treatment in the prevention study ( Table 3) .
Effects of DHEA on MCT-induced PH in Pneumonectomized Rats
Prevention study. Consistent with previous reports, a single MCT injection caused increases in MPAP and RV/LVϩS ratio (42, 44) but no changes in CI and MSAP. In left pneumonectomized rats at 3 wk, the PH was accompanied by severe pulmonary vascular remodeling, i.e., small PA medial wall thickening and occlusive arteriole neointimal lesions (Fig. 2) . DHEA treatment almost completely prevented the increases in MPAP and RV/LVϩS ratio (Fig. 2, A and D) . There was no effect on MSAP, and CI was increased (Fig. 2, B and C) . The treatment also markedly inhibited the MCT-induced severe pulmonary vascular remodeling (Fig. 2, E and F) . Except for a slight increase in CI, DHEA had no effect in MCT-uninjected rats.
Reversal study. Compared with those at 3 wk after MCT injection, pneumonectomized rats at 6 wk after MCT had developed more severe PH (MPAP: 47 Ϯ 3 vs. 33 Ϯ 5 mmHg), RV hypertrophy (RV/LVϩS ratio: 65% Ϯ 3% vs. 44% Ϯ 7%), and vascular remodeling (medial wall thickness: 24% Ϯ 2% vs. 20% Ϯ 1%; and Grade I and II occlusion: 37% and 45% vs. 17% and 56%). A 3-wk DHEA treatment started 3 wk after MCT injection prevented the progression of PH, RV hypertrophy, and vascular remodeling (Figs. 2 and 3) . There was an increase in CI but no effect on MSAP.
Survival study. The survival rate of MCT-injected pneumonectomized rats not treated with DHEA was 30% (7 out of 10 rats died), whereas all DHEA-treated rats (n ϭ 7) survived over the 9 wk of observation (Fig. 4) .
Effects of DHEA on RhoA/ROCK Signaling
RhoA activity. Three weeks after injection of MCT in pneumonectomized rats, the hypertensive lungs had higher RhoA activity (as reflected by an increase in its membrane-cytosol ratio), and DHEA treatment prevented the increase (Fig. 5A) . Since it has been reported that DHEA inhibits expression of HMG-CoA reductase (48) and increases that of sGC (46), which could potentially inhibit RhoA activity, we next measured the levels of these two proteins. HMG-CoA reductase expression was markedly increased in lungs from MCT-injected rats, and the increase was prevented by DHEA treatment (Fig. 5B) . MCT caused a slight decrease in sGC␤1 expression, which was restored by DHEA (Fig. 5C ).
ROCK Expression and Activity
Cleaved ROCK I (constitutively active, 130 kDa; Refs. 9, 55) was detected in lungs from MCT-injected pneumonectomized rats, and DHEA treatment prevented the MCT-induced ROCK I cleavage (Fig. 6A) . The cleavage of ROCK I was associated with increased caspase-3 activity (cleaved caspase-3 expression), which was also prevented by DHEA treatment (Fig. 6B) . ROCK II protein expression was increased in MCTinjected rat lungs, and DHEA treatment markedly inhibited the increase (Fig. 6C) . The ratio of phosphorylated-to-total MYPT1, which reflects ROCK activity, was also increased in the MCTinjected pneumonectomized rat lungs, and DHEA treatment inhibited ROCK activation (Fig. 6D) .
DISCUSSION
This study demonstrated that chronic dietary treatment of MCT-injected pneumonectomized rats with 1% DHEA prevented the development of PH, RV hypertrophy, and PA remodeling (medial wall thickening and occlusive neointimal formation) with no adverse systemic hemodynamic effects. DHEA, when started 3 wk after MCT injection, also completely inhibited the progression of MCT-induced severe PH and, more importantly, strikingly improved survival. Protein analyses of lungs from pneumonectomized rats revealed that MCT injection caused: 1) increased RhoA activity accompanied by markedly increased HMG-CoA reductase and slightly decreased sGC expression; 2) constitutive activation (cleavage) of ROCK I associated with caspase-3 activation; 3) increased 
Fig. 3. Effects of chronic therapeutic DHEA (1%) treatment on MPAP (A), MSAP (B), CI (C), RV/LVϩS (D), and PA remodeling (E and F).
Values are means Ϯ SE of n ϭ 9 -10 for hemodynamic and heart weight data and n ϭ 5 for histological data. *P Ͻ 0.05 vs. 0% DHEA. Fig. 4 . Kaplan-Meier survival plot. Three weeks after MCT injection, pneumonectomized rats were started on 1% DHEA containing food (n ϭ 7) or kept on food containing 0% DHEA (n ϭ 10).
ROCK II expression; and 4) increased ROCK activity. Chronic DHEA treatment nearly normalized the increased RhoA/ ROCK signaling pathway activity, which was associated with inhibition of caspase-3 activation and HMG-CoA reductase overexpression and preservation of sGC expression.
A number of in vivo studies from several laboratories, including our own, indicate that activation of RhoA/ROCK signaling contributes significantly to the pathogenesis of various experimental models of PH by mediating sustained abnormal vasoconstriction and promoting vascular inflammation and remodeling (11, 14 -17, 24, 35, 38, 40) . We found in this study that DHEA markedly attenuated PH in pneumonectomized rats injected with MCT, a rat model of PH that more closely mimics the pathology of human severe PH than conventional models (42, 44, 47, 59) , and the attenuation was associated with an inhibition of RhoA/ROCK activity. These results suggest that inhibition of RhoA/ROCK signaling pathway activity may be a major component of the striking protective effect of DHEA against PH, although other mechanisms may also be involved (7, 18, 46) .
A novel, pharmacologically interesting, and potentially clinically important finding of this study is that DHEA prevented development of MCT-induced severe PH in pneumonectomized rats at least partly via inhibition of the RhoA/ROCK signaling pathway, which was apparently due to multiple different mechanisms (Fig. 7) . First, DHEA treatment inhibited MCT-induced activation of caspase-3 (15, 61) and ROCK I cleavage (constitutive activation). It was recently reported that DHEA inhibits activation of caspase-3 in endothelial cells (33) , and ROCK I has been shown to be cleaved and activated by caspase-3, i.e., active caspase-3 removes the COOH-terminal inhibitory domain of ROCK I, resulting in constitutive kinase activity that is independent of RhoA activation, in cardiac myocytes and Jurkat cells (9, 55) . Since caspase-3-mediated constitutive activation of ROCK I is associated with membrane blebbing and apoptosis (9, 55) , and since PA endothelial cell apoptosis may be an early key step in the pathogenesis of severe PH (36), including MCT-induced PH in rats (61) , it is tempting to speculate that constitutive activation of PA endothelial cell ROCK I may play a significant role in the early stages of the disease and could be a new therapeutic target.
Second, DHEA treatment prevented activation of RhoA (membrane RhoA expression), which might have involved both inhibition of HMG-CoA reductase expression and upregulation of sGC expression. It is known that inhibition of HMGCoA reductase, by statins for instance, reduces the isoprenylation of RhoA and thereby prevents its translocation from cytosol to cell membrane (53) . Similarly, the nitric oxide/sGC/ cGMP/protein kinase G pathway phosphorylates RhoA, which also inhibits the membrane translocation of GTP-bound RhoA (16) . DHEA has been observed to inhibit HMG-CoA reductase activity and gene expression (48, 54) , and we (46) have recently reported that it increases sGC protein expression in rat PAs. We found in this study that MCT caused a marked increase in HMG-CoA reductase and a slight decrease in sGC protein expression, and DHEA prevented these changes. Although little is known about the regulation of HMG-CoA reductase expression, there is evidence for its upregulation by inflammatory cytokines, especially IL-6 (41). Since the expression of IL-6 is increased in MCT-induced hypertensive rat lungs (6), we speculate that inflammation might account for the increased HMG-CoA reductase in the hypertensive lungs of MCT-injected pneumonectomized rats.
Third, DHEA treatment reduced the MCT-induced increased ROCK II expression. The increased ROCK II expression in hypertensive lungs from MCT-injected pneumonectomized rats is possibly due to MCT-induced inflammation, since recent studies suggest that reactive oxygen species and NF-B are involved in the activation and expression of ROCK (4, 21, 27, 28) . We speculate that DHEA treatment inhibited the ROCK II upregulation by its antioxidant/anti-inflammatory (including inhibition of NF-B) effects (2, 25) .
Consistent with earlier studies (19, 46, 60) , chronic DHEA treatment caused a loss of body weight. Whereas some studies observe decreased food consumption during chronic DHEA treatment (8), others do not and suggest that an alteration in fat metabolism may be the cause of the weight loss (19) . A previous study has shown that severe dietary restriction (reduction of total caloric intake) and resultant decreases in polyamines and DNA syntheses protect against the development of MCT-induced PH (17) . However, this mechanism is unlikely to be involved in the protective effect or DHEA because we did not find any difference in food consumption between the DHEA-treated and -untreated groups.
DHEA can be metabolized to estrogens and androgens. In fact, we detected higher plasma levels of estradiol and testosterone in DHEA-treated than in DHEA-untreated animals. Estradiol has been shown to protect against MCT-induced PH (12) . Our study did not exclude a possible role of estradiol in the protective effects of DHEA. For example, the increased levels of estradiol in DHEA-treated rats may have played a role in inhibiting the MCT-induced ROCK II upregulation and/or ROCK activation, since recent studies indicate that estrogen inhibits ROCK expression/activity (10, 22, 23, 32) . However, two lines of indirect evidence suggest it is unlikely the increased levels of estradiol had a major impact. First, although the levels of estradiol in DHEA-treated rats were increased (ϳ13.0 to ϳ15.0 pg/ml), they were still far below the levels achieved in the study by Farhat and colleagues (ϳ8.1 to ϳ14.6 ng/ml; Ref. 12). Second, in our previous study (46) , we tested effects of a lower DHEA dose (0.3%) on hypoxic PH and found that the treatment inhibited the development of hypoxic PH without increasing the plasma estradiol levels.
DHEA has been approved by the United States Food and Drug Administration as a food supplement and used extensively in human studies without any major side effects. Although several clinical trials have provided evidence that even pharmacological doses (up to 2,250 mg/day for 12 wk) of DHEA have no serious adverse effects (58) , there is a concern that long-term high-dose DHEA treatments may promote hormone-dependent cancer (such as breast cancer in women and prostate cancer in men), because DHEA can be metabolized to both estrogens and androgens. On the other hand, there are reports that suggest DHEA is a potent inhibitor of cancer induction in experimental models, including prostate and breast cancer (51, 56) . Therefore, it is presently unknown whether high effective doses of DHEA would actually promote such cancer. Nevertheless, careful monitoring for plasma sex steroid hormone levels as well as sex steroid-dependent cancer development will be required in long-term high-dose DHEA treatments. Alternatively, future studies should evaluate the effectiveness of the synthetic analogs of DHEA such as 16␣-fluoro-5-androsten-17-one, which have minimal sex steroid activity but retain the antiproliferative and cancer preventive activity of DHEA (34) .
A limitation of this study is that since whole lung protein expression was measured, we are uncertain of where, which lung and/or vascular cells, the various changes in protein expression occurred. Future studies should clarify this point by using techniques such as laser capture microdissection and immunohistochemistry.
In summary, this study showed that chronic DHEA treatment effectively prevented development of MCT-induced severe PH and that inhibition of RhoA/ROCK signaling, apparently by multiple mechanisms, including inhibition of ROCK I cleavage, was involved in the impressive protective effects of DHEA. DHEA treatment also prevented the progression of MCT-induced severe PH and dramatically improved survival. These results suggest that DHEA may be a useful oral treatment for severe PH. Our novel finding that the cleavage and constitutive activation of ROCK I is involved in activation of ROCK in the hypertensive lungs of MCT-injected pneumonectomized rats may lead to identification of new mechanisms of ROCK activation in human severe PH.
